THIS  DOCUMENT  IS  BEST 
QUALITY  AVAILABLE.  THE  COPY 
FURNISHED  TO  DTIC  CONTAINED 
A  SIGNIFICANT  NUMBER  OF 
PAGES  WHICH  DO  NOT 
REPRODUCE  LEGIBLY. 


REPRODUCED  FROM 
BEST  AVAILABLE  COPY 


This  document  is  a  machine  translation  of  Russian 
text  which  has  been  processed  by  the  AN/GSQ-l6(XW-2) 
Machine  Translator,  owned  and  operated  by  the  United 
States  Air  Farce.  The  machine  output  has  been  post- 
edited  to  correct  for  major  ambiguities  of  meaning, 
words  missing  from  the  machine's  dictionary,  and  words 
out  of  the  context  of  meaning.  The  sentence  word 
order  has  been  partially  rearranged  for  readability. 
The  content  of  this  translation  does  not  indicate 
editorial  accuracy,  nor  does  it  indicate  USAF  approval 
or  disapproval  of  the  material  translated. 


HP-MT- 2^5-69 


EDITED  MACHINE  TRANSLATION 

ATMOSPHERIC  TURBULENCE 
By:  V.  I.  Tatarskiy 
English  pages:  7 

Source:  Zemlya  I  Vselennaya  (Earth  and  the 
Universe)  1968,  No.  2,  pp.  43-46. 


UR/0384 -68-000- 002 


THIS  TRANSLATION  IS  A  RENDITION  OP  THf  ORI0L 

HAL  POREION  TEXT  WITHOUT  ANY  ANALYTICAL  OR 
EDITORIAL  COMMENT.  STATEMENTS  OR  THEORIES 

PREPARED  RYi 

AOYOCATEDOR  IMPLIED  ARC  THOSE  OP  THE  SOURCE 

AND 00  NOT  NECESSARILY  REELECT  THE  POSITION 

TRANSLATION  DIVISION 

OR  OPINION  OP  THE  POREION  TECHNOLOGY  DL 

POREION  TECHNOLOGY  DIVISION 

VISION. 

WP*APR,  OHIO. 

FTP-MT-  24-45-69 


Oat0  2  3  May  I960 


OUACCIMION  NO.  tt-DOCUNINT  IOC 

XF9500773 


OP-TITLt 

ATMOSPHERIC  TURBULENCE 


47-SUBJICT  ARIA 


DATA  HANDLING  PACK  _ 


S*.  TOPIC  YACI 

atmospner l e  t.urbu ience,  atmospheric 
flight,  radio  wave  propagation 


U-AUTHOR'CO-AUTMOR* 

TATARSKIY.  V.  I. 

O-iOURCt 

ZEMLYA  I  VSELENNAYA  (RUSSIAN) 

FTD- 

41-SiCURI  TV  AND  DOWNGRADING  INPORMATION 

UNCL,  0 

44-CO,,TROL  MARKINGS 

NONE 

lO-OATt  OP  INPO 

. 68 


77-SUPIRSIDU 


CONTRACT  NO. 


71-CHANOEi 


PURL  I  SHI  NC  DAT! 


9^-00 


iTIP  NO. 

0 2- UR/0384/6  8/000/00 2/0043/0046 


ABSTRACT 


TVPI  PRODUCT 

translation 


ACCESSION  NO. 


RIVIIION  PRIQ 


(U)  In  this  conversational  approach  to  the  effects  of  atmospheric 
turbulence,  the  atmosphere  is  compared  to  a  tube  filled  with 
water  containing  some  visible  particles  which  can  be  observed  as 
they  are  affected  by  turbulent  motion.  The  effects  of  turbulence 
seen  in  the  action  of  an  airplane  when  pressure  on  the  wings  is 
uneven,  causing  a  bumpy  ride.  Turbulence  lias  a  great  effect  in 
preventing  heavy  gases,  smoke,  radioactive  waste,  and  such  sub¬ 
stances  from  collecting  at  the  surface  of  the  earth.  It  is  also 
seen  to  have  great  influence  on  the  heat  cycle,  refraction,  propa¬ 
gation  of  radio  waves,  and  astronomical  observations,  causing 
stars  to  appear  to  twinkle ^  !A  brief  summary  of  outstanding 
scholars  and  studies  in  the/}Cield  of  atmospheric  turbulence  is 
given,  and  the  two-volume  mc/nograph  "Statistical  Hydromechanics" 
by  A.  S.  Moniniy  and  A.  M.  Yaglom  is  cited.  Orig.  art.  has: 

9  figures. 
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ATMOSPHF.R  TC  TURMULENCK 

V.  I.  Tatarskiy,  Doctor  of  Physical  and 
Mathematical  Sciences 

Twinkling  of  stars  and  "bumping"  of  an  air¬ 
craft  the  propagation  of  smoke,  and  the  possi¬ 
bility  of  reception  of  distant  television  trans¬ 
missions  are  all  effects  connected  with  atmos¬ 
pheric  turbulence. 

Apparently,  everyone  who  has  flown  on  an  aircraft  at  some  time 
has  felt  one  of  the  unpleasant  consequences  of  atmospheric  turbulence 
"bumping . " 

Atmospheric  turbulence  also  appears  in  many  other  phenomena,  at 
first  glance,  having  nothing  in  common.  With  it  are  connected  such 
effects  as  heating  of  the  atmosphere  by  solar  rays,  its  contamination 
by  different  impurities,  the  flickering  of  stars,  and  cases  of 
anomalously  good  conditions  of  propagation  of  ultrashort  radio  waves, 
by  means  of  which  television  transmissions  are  made. 

What  is  turbulence? 

Imagine  a  straight  glass  tube  through  which  water  flows.  If  in 
the  initial  part  of  the  tube  we  mix  in  particles  of  some  brightly 
colored  substance,  using  such  a  substance  that  the  particle  do  not 
rise,  but  also  do  not  sink,  it  will  be  possible  to  observe  the 
motion  and  trajectory  of  these  particles.  It  turns  out  that  if  the 
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speed  of  flow  of  the  water  is  not  very  great,  the  trajectories  of 

n  A  nU  »*,  n  n  f  -f  «  I  «  ».*  4  "1  1  k  A  wnnk4  1  4wiAh.wi  T  ».•»*«  v»»i  T  «  n  n  «*  i>  U  a  i  .. . 

the  same  place  of  the  tube's  cross  section,  they  will  move  on  the; 
same  trajectory.  Such  motion  is  called  laminar.  But  if  we  increase 
the  speed  of  the  water,  starting  from  a  certain  ''critical"  speed 
(this  speed  is  less,  the  greater  the  diameter  of  the  tube)  the  motion 
changes  in  character.  Trajectories  of  motion  of  particles  r-.itrt  tu 
be  distorted;  particles  move  not  only  along  the  axis  of  the  tube,  but 
also  in  the  transverse  direction.  However,  the  most  basic  distinction 
between  such  turbulent  flow  and  laminar  flow  consists  in  that  if  we 
always  release  the  colored  particles  at  the  same  place  in  the  tube, 
their  trajectories  will  appear  different,  and  it  is  impossible  to 
predict  just  what  they  will  be.  The  trajectories  of  motion  of  liquid 
in  turbulent  flow  become  "random,"  and  particles  can  go  to  any  point 
in  the  tube.  If,  however,  we  watch  the  flow  at  some  fixed  point.,  we 
find  that  the  magnitude  and  direction  of  speed  go  through  disordered 


Schematic  representation 
of  the  refraction  of  a 
light  ray  in  turbulent 
atmosphere . 


The  atmosphere  can  be  compared  to  a  huge  "cube"  through  which 
air  flows.  Since  the  "diameter"  of  this  tube  is  very  great,  for 
practically  all  wind  speeds  which  are  observed  in  nature  the  motion 
of  air  has  turbulent  character. 

What  then  is  the  result  of  atmospheric  turbulence?  Let  us 
follow  the  flight  of  an  aircraft.  The  lift  acting  on  its  wings 
depends  on  the  speed  of  the  incident  air  stream.  During  flight  it 
crosses  regions  of  space  in  which  turbulent  fluctuations  cause  wind 


changes  —  fluctuations . 
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speed  to  be  different.  Therefore  the  lifting  force  acting  on  the 
aircraft  also  varies,  as  a  result  of  which  it  experiences  "bumping." 

Let  us  consider  certain  other  effects  connected  with  turbulence. 
After  putting  sugar  in  a  glass  of  tea,  we  always  stir  it.  Why? 

If  the  tea  were  not  stirred,  dissolution  of  the  sugar  would  take 
place  extraordinarily  slowly,  as  would  the  spreading  of  sweet  solution 
to  other  parts  of  the  liquid.  Dissolving  molecules  of  sugar  collide 
with  surrounding  molecules  of  water,  and  it  is  very  difficult  for 
them  to  penetrate  further  from  that  place  at  which  they  were 
"released."  By  mixing  the  solution  we  can  quickly  distribute  the 
sugar  in  the  glass  more  or  less  evenly  over  the  entire  volume. 

Analogous  processes  occur  in  the  atmosphere.  Here  the  mixing 
is  the  result  of  turbulence,  since  the  trajectories  of  motion  of 
separate  small  masses  of  air  are  of  extraordinarily  intricate 
character  and  are  found  in  different  parts  of  the  atmosphere.  The 
described  method  of  propagation  of  impurities  is  called  turbulent 
diffusion.  Turbulent  diffusion  is  of  tremendous  importance  in  our 
life.  If  it  did  not  exist,  the  atmosphere  would  have  quite  another 
structure  than  is  observed  in  nature.  Heavy  gases,  such  as  carbon 
dioxide  and  argon,  of  which  there  is  comparatively  little  in  the 
atmosphere,  would  be  concentrated  at  the  earth's  surface,  so  that 
the  gas  composition  of  that  part  of  the  atmosphere  in  which  we  live 
would  be  quite  different,  which  would  be  reflected  significantly  on 
our  life.  Furthermore,  numerous  impurities  which  contaminate  the 
atmosphere  (smoke,  waste  from  the  chemical,  industry ,  radioactive 
impurities,  etc.)  also  would  be  concentrated  at  the  earth's  surface. 
And  only  as  a  result  of  continuous  turbulent  mixing  of  the  atmosphere 
is  its  chemical  composition  practically  constant  up  to  heights  of 
over  one  hundred  kilometers. 

Turbulent  diffusion  is  also  of  great  importance  to  the  thermal 
balance  of  the  atmosphere.  Solar  rays  are  practically  unabsorbed  by 
the  atmosphere  and  heat  the  earth's  surface.  The  heated  surface 
gives  up  part  of  the  heat  as  a  result  of  intrinsic  emission  (any 
heated  body  radiates  at  least  weakly,).  But  a  considerable  part  of 
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the  heat  radiation  of  the  earth's  surface  is  caused  by  turbulence. 
Masses  of  air  in  contact  with  the  earth’s  surface  are  heated  arid 
■per1.  T"?“ch1rg  bio^h  altitudes  give  un  their  heat  to  higher  layers  of 
the  atmosphere. 


with  the  help  of  which  investigations  of  scattering  of 
sound  by  turbulent  heterogeneities  of  the  atmosphere  were 
conducted,  The  second  such  transducer  was  used  as  a  sound 
radiator.  (The  instruments  vt  e  developed  at  ‘he  Insti¬ 
tute  of  Atmospheric  Physics  of  the  Academy  of  Sciences  of 
the  USSR) . 

Turbulence  also  causes  fluctuation  (disordered  changes)  In  the 
temperature  of  the  atmosphere.  Its  lower  layers  have  higher  tempera¬ 
ture  than  those  above.  Owing  to  turbulent  mixing,  separate  small 
masses  of  air  pass  from  one  height  to  another  and  bring  with  them 
their  "own'1  value  of  temperature,  which  differs  from  that  of  the 
surrounding  air.  As  a  result  heterogeneities  of  temperature  of  the 
atmosphere  appear.  Heterogeneities  of  humidity  likewise  appear. 

With  heterogeneities  of  temperature  and  humidity  are  connected 
heterogeneities  of  uhe  refractive  index  of  air.  The  refractive  index 
characterizes  the  propagation  velocity  of  light  and  radio  waves  in  a 
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substance  and  depends  on  temperature  and  atmospheric  humidity.  In 
turbulent  atmosphere  the  refractive  index  changes  chaotically  from 
point  to  point.  But  such  change  of  the  retractive  index  is  equivalent 
to  the  fact  that  in  the  atmosphere  collecting  and  dispersing  lenses 
are  scattered.  From  an  optical  standpoint  a  lens  is  simply  a  part 
of  space  in  which  the  refractive  index  differs  from  that  of  the 
environment.  Let  us  trace  a  ray  of  light  piercing  the  atmosphere. 

In  its  path  it  encounters  a  great  number  of  'random  lenses,"  as  a 
result  of  which  either  focusing  or  defocusing  of  the  ray  occurs. 

The  lens"  are  shifted  by  the  wind,  so  that  the  ray  at  various 
moments  of  time  passes  through  different  heterogeneities.  As  a 
result  of  this  the  intensity  of  light  reaching  the  eye  or  a  telescope 
changes  in  a  disordered  manner.  This  is  the  well-known  phenomenon 
of  twinkling  of  stars.  Distant  ground  sources  of  light  twinkle 
especially  strongly  since  in  this  case  rays  pass  along  the  surface 
of  the  earth,  where  turbulence  is  the  most  intense. 

The  described  "optical  instability"  of  the  atmosphere  so  strongly 
hinders  astronomical  observations  that  recently  attempts  were 
undertaken  to  conduct  these  observations  by  lifting  telescopes  by 
balloon  to  high  altitudes.  The  optical  Instability  of  the  atmosphere 
can  also  be  a  great  hinderance  during  the  use  of  lasers  as  means  of 
communication . 

Such,  in  brief,  are  certain  effects  of  atmospheric  turbulence. 

As  can  be  seen,  many  of  these  effects  are  very  unpleasant,  and  it 
is  necessary  to  combat  them.  For  example,  during  the  designing  of 
aircraft  or  tall  structures  one  must  consider  the  possibility  of  the 
appearance  of  harmful  vibrations  caused  by  turbulence.  It  is  neces¬ 
sary  to  understand  to  eliminate  Interference  affecting  communication 
lines  using  lasers.  For  this  it  is  necessary  to  know  the  rather 
subtle  properties  of  atmospheric  turbulence. 

Investigation  of  turbulence  was  started  in  the  last  century  by 
0.  Reynolds  and  was  continued  by  J.  Taylor,  A.  A.  Fridman  and  L.  V. 
Keller,  L.  Prandt ,  T.  Karman,  and  many  other  scientists.  A  very 
great  contribution  to  the  study  of  turbulence  has  been  made  by  the 
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works  of  Soviet  scientists.  In  our  country  work  on  the  theory  of 
turbulence  was  started  in  the  twenties  by  A.  A.  Fridman  and  L.  V, 
Keller.  An  especially  great  change  in  this  area  of  science  took 
place  in  19^1 »  when  A.  N.  Kolmogorov,  L.  D.  Landau,  and  A.  M.  Obukhov 
explained  the  most  significant  peculiarities  of  turbulence.  Tills 
werk  obtained  wide  recognition  among  scientists  of  the  entire  world. 
Now  the  study  of  turbulence  and  phenomena  connected  with  it  continues 
in  many  scientific  establishments  both  in  our  country  and  abroad. 
Although  very  much  in  this  area  has  already  become  clear  the  theory 
of  turbulence  is  not  yet  complete,  and  very  extensive  work  must  be 
done  in  analysis  of  this  phenomenon. 


Transducers  of  the  acoustic  anemometer  and  thermometer. 

The  upper  instrument  constitutes  two  pairs  of  minature 
microphones  and  ultrasonic  radiators  (cylinders  with  di¬ 
ameter  of  approximately  2  mm  —  in  the  upper  left  part  of 
the  photography).  The  instrument  measures  the  speed  of 
sound  and  from  this  determined  wind  velocity  with  an  accu¬ 
racy  of  a  few  centimeters  per  second.  Below  is  the  pickup 
of  a  low-inertia  resistance  thermometer.  (The  instruments 
were  developed  at  the  Institute  of  Atmospheric  Physics  cf 
the  Academy  of  Sciences  of  the  USSR) . 


At  the  Institute  of  Atmospheric  Physics  of  the  Academy  of 
Sciences  of  the  USSR  experimental  ar.d  theoretical  research  has  been 
conducted  for  several  years  on  turbulence  and  its  influence  on 
propagation  of  light  and  radio  waves  in  the  atmosphere.  Great 
successes  have  been  achieved  in  investigation  of  turbulence  in  the 
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layer  of  the  atmosphere,  where  Its  connection  with  meteorological 
conditions  has  already  been  well  studied.  Results  of  long-term 
investigations  of  turbulence  are  summarized  In  the  fundamental 
two-volume  monograph  "Statistical  Hydromechanics,"  written  by  the 
institute  scientists  A.  S.  Mor.ir.  and  A.  M.  Yaglcm. 


FTD-MT-24-45-69 


7 


